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DESCRIPTION 



METHOD AND APPARATUS OF CULTIVATING 



MULT I POTENT STEM CELL 



Technical Field 

The present invention relates to a method and 
apparatus of cultivating indifferent mul t ipo tent stem 
cells. In particular, the present invention relates 
10 to a method and apparatus of cultivating an 

indifferent multipotent stem cells while controlling a 
differentiation. 



Background Art 

15 Now, in a regeneration medicine, the 

consideration of a technique for recovering and 
regenerating a targeted tissue and organ by using a 
stem cell trasnplantation has been advanced. A 
multipotent stem cell has differentiation potency to 

20 differentiate into various mature cells, together with 
the sel f -replicating ability to repeat self- 
multiplication and passage. It is considered that the 
tissue and organ can be recovered and regenerated by 
cultivating the multipotent stem cells extracted from 

25 a living body, carrying out a differentiation 

induction and returning into the living body again. 

However, now, the subsequent survival rate of 
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transplanted stem cells is low. Although the 
transplanted stem cells can exist inside the living 
body, it does not still exhibit an original function 
of the stem cell. Moreover, since the stem cells 
5 change differentiation directions easily depending on 
an environmental factor, it is impossible to deny a 
possibility that the transplanted stem cells are not 
differentiated into the targeted tissue and organ. 

In order to establish a stem cell 

10 transplanting technique, it is necessary to establish 
a technique for cultivating multipotent stem cells. 
At first, it is necessary to establish a technique for 
cultivating the multipotent stem cells in an 
indi f f erentiat ion state. In addition, it is necessary 

15 to establish a technique for transplanting the 

multipotent stem cells in a proper differentiation 
process while increasing the subsequent survival rate 
and also carrying out a proper differentiation 
induction on the multipotent stem cells in advance. 

20 Conventionally, as the transplanting 

technique of the stem cells and the differentiation 
inducing technique, a technique for cultivating the 
stem cells in a medium containing medical substances 
serving as a multiplying factor and a differentiating 

25 factor is known. Also, a technique for cultivating 
the stem cells by mixing with different cells is 
known. However, both of them do not reach a practical 
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use stage. Moreover, an animal plant breeding 
apparatus for breeding an animal and a plant while 
rotating a container so as to receive gravitation from 
many directions is disclosed in Japanese patent 
5 Examined application (JP-B-Heisei 7-89798). 

Disclosure of Invention 

It is therefore an object of the present 
invention to provide a method and apparatus of 

10 cultivating multipotent stem cells that can properly 
control multiplication and differentiation of the 
multipotent stem cells. 

In an aspect of the present invention, a 
method of cultivating multipotent stem cells is 

15 achieved by (a) cultivating the multipotent stem cells 
while suppressing differentiation of the multipotent 
stem cells sealed in a first cultivating container, 
and (b) cultivating the cultivated multipotent stem 
cells while applying a force to the cultivated 

20 multipotent stem cells sealed in a second cultivating 
container and inducing the differentiation of the 
cultivated multipotent stem cells. 

The (a) cultivating step may include 
dispersing the direction of application of gravitation 

25 to said multipotent stem cells three-dimensionally to 
suppress the differentiation. The (a) cultivating 
step may include carrying out an n-axis rotation (n is 
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an integer of 2 or more) on the mul tipotent stem cells 
to disperse the direction of the gravitation three- 
dimensionally . The n is 2, and it is preferable that 
one axis is the direction of the gravitation, and the 
5 other axis is orthogonal to the direction of the 
gravitation . 

Also, at the (b) cultivating step, the 
direction of the force is preferably different from 
the direction of the gravitation. Also, the force is 

10 preferably greater than the magnitude of the 

gravitation. The force may be the resultant force of 
the gravitation and centrifugal force. 

Also, in the second cultivating container, a 
differentiation inducing agent may be mixed in the 

15 medium. 

The (a) cultivating step and the (b) 
cultivating step are preferably carried out in the 
same apparatus, and the first cultivating container 
and the second cultivating container are preferably 
20 same . 

Also, in another aspect of the present 
invention, a cultivating apparatus includes an inner 
frame to which a cultivating container accommodating 
multipotent stem cells is attached; an outer frame 
25 configured to rotatably support the inner frame; a 
first motor configured to rotate the inner frame 
around a first rotation axis; a supporting section 
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configured to rotatably support the outer frame; and a 
second motor configured to rotating the outer frame 
around a second rotation axis. 

It is preferable that the second rotation 
5 axis is in the direction of the gravitation, and the 
first rotation axis is in the direction orthogonal to 
the second rotation axis. 

Preferably, the second motor can be rotated 
independently of the first motor, and the inner frame 

10 can be fixed to a predetermined rotation position. 

The cultivating container may be attached to 
the inner frame in the vicinity of the crossing point 
between the first rotation axis and the second 
rotation axis. Also, when the multipotent stem cells 

15 is cultivated while the differentiation of the 

multipotent stem cells is suppressed, the cultivating 
container may be attached to the inner frame in the 
vicinity of the crossing point between the first 
rotation axis and the second rotation axis, and when 

20 the differentiation of the multipotent stem cells are 
induced, the cultivating container may be attached to 
the end portion of the inner frame. 

The cultivating container may be attached to 
the edge of the inner frame. 

25 Also, another aspect of the present 

invention, a cultivating system of multipotent stem 
cells includes a first section for cultivating the 
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mul t ipotent stem cells while suppressing 
differentiation of the multipotent stem cells sealed 
in a first cultivating container; and a second section 
for cultivating the multipotent stem cells while 
5 applying a force to the cultivated multipotent stem 
cells sealed in a second cultivating container to 
promote the differentiation of the multipotent stem 
cells . 

The first section disperses the direction of 

10 the gravitation thr ee-dimensionally to suppress the 
differentiation, and specifically, carries out an n- 
axis rotation (n is an integer of 2 or more) on the 
multipotent stem cells to disperse the direction of 
the gravitation three-dimensionally. 

15 Also, it is preferable that the n is 2, and 

one axis is the direction of the gravitation, and the 
other axis is orthogonal to the direction of the 
gravitation . 

Also, it is preferable that the direction of 

20 the force is different from the direction of the 

gravitation and is greater than the magnitude of the 
gravitation. The force may be the resultant force of 
the gravitation and centrifugal force. Preferably, 
the first cultivating container and the second 

25 cultivating container are same. 
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Brief Description of Drawings 

Fig. 1 shows a gravitation dispersing type 
cultivating apparatus 1 used in a method of 
cultivating multipotent stem cells according to a 
first embodiment of the present invention; 

Fig. 2 shows an excessively weighted 
centrifugal cultivating apparatus 11 used in the 
method of cultivating the multipotent stem cells 
according to the first embodiment of the present 
invention; 

Fig. 3 shows a cultivating apparatus used in 
a method of cultivating the multipotent stem cells 
according to a second embodiment of the present 
invention; and 

Fig. 4 is a diagram showing an operation of 
the cultivating apparatus used in the second 
embodiment . 

Best Mode for Carrying out the Invention 

20 The present invention relates to US 

application Nos. 10/119,895, 10/233,506 and 
10/233,566. Those disclosures are incorporated herein 
by reference . 

The cultivating method of the multipotent 

25 stem cells according to the present invention will be 
described below in detail with reference to the 
attached drawings. 
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At first, in the cultivating method of the 
mult ipotent stem cells according to the first 
embodiment of the present invention, the mul t ipotent 
stem cells are extracted from a living body. For 
5 example, in case of the multipotent stem cells of a 

rat, bone marrow cells are extracted from a rat femur. 
The extracted bone marrow cells are suspended in a 
medium containing a cow fetus serum. The medium in 
which the bone marrow cells are suspended is separated 

10 into a fat component and cell sediment by a 

centrifugal separating method. The obtained cell 
sediment is separated into a low density fraction and 
a high density fraction by using a density gradient 
centrifugal method. The multipotent stem cells are 

15 separated from the low density fraction by a flow 
cytometry. Subsequently, the extracted multipotent 
stem cells are cultivated by a gravitation dispersing 
type cultivating apparatus 1 shown in Fig. 1, while 
the two-axis rotation is carried out. 

20 The gravitation dispersing type cultivating 

apparatus 1 includes a cultivating container 2, a main 
body 3, a motor 4, an outer frame 5, a motor 6 and an 
inner frame 7. The multipotent stem cells and the 
medium are sealed in the cultivating container 2. The 

25 main body 3 has a base 3a and legs 3b and 3c. The 
legs 3b and 3c extend upwardly from the base 3a and 
rotatably support the outer frame 5. The motor 4 
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connected to the outer frame 5 is provided on the leg 
3b- The outer frame 5 is rotated around a rotation 
axis 4a by the motor 4. The inner frame 7 is 
rotatably supported by the outer frame 5, and the 
5 motor 6 connected to the inner frame 7 is provided on 
the outer frame 5. The inner frame 7 is rotated 
around a rotation axis 6a by the motor 6. The 
rotation axis 6a is substantially orthogonal to the 
rotation axis 4a. The inner frame 7 can fixedly 

10 support the cultivating container 2. The cultivating 
container 2 is provided inside the inner frame 7 in 
the vicinity of a crossing point between the rotation 
axis 4a and the rotation axis 6a. In this way, the 
cultivating container 2 is rotated as a unit with the 

15 inner frame 7. Thus, when the outer frame 5 and the 
inner frame 7 are respectively rotated, the 
cultivating container 2 is rotated around the two 
axes . 

When the multipotent stem cells are 
20 cultivated while being rotated about the two-axis 

rotation, the direction of the gravitation applied to 
the multipotent stem cells is three-dimens ional ly 
dispersed, and the multipotent stem cells are 
multiplied in the sate that the differentiation is 
25 suppressed. After the sufficient multiplication, the 
multipotent stem cells are cultivated by the 
excessively weighted centrifugal cultivating apparatus 
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11 shown in Fig. 2. 

The excessively weighted centrifugal 
cultivating apparatus 11 includes a cultivating 
container 12, a main body 13, a motor 14 and a rotor 
5 15. The medium and the multipotent stem cells 
cultivated by the gravitation dispersing type 
cultivating apparatus 1 are sealed in the cultivating 
container 12. The medium sealed in the cultivating 
container 12 contains various factors for inducing a 
10 desirable differentiation. For example, when the 

differentiation to a bone and a cartilage should be 

induced, dexame thasone and TGF- j3 are mixed into the 
medium as the differentiation inducing material. The 

motor 14 is provided for the main body 13 to rotate 
15 the rotor 15 around a rotation axis 15a. The rotation 
axis 15a is substantially parallel to the gravitation 
direction. The cultivating container 12 is fixed to 
the rotor 1 5 . 

When the rotor 15 is rotated, the centrifugal 
20 force is applied to the cultivating container 12. 

Consequently, a centrifugal force F 1 is applied to the 
multipotent stem cells sealed in the cultivating 
container 12 in a horizontal direction perpendicular 
to the gravitation direction. The magnitude of the 
25 centrifugal force F x is greater than the gravitation. 
Thus, a resultant force F 3 of the centrifugal force F 1 

* 

and a gravitation F 2 is applied to the multipotent 



stem cells sealed in the cultivating container 12. 
The resultant force F 3 is oriented towards a constant 
direction with respect to the multipotent stem cells 
and is greater than the gravitation. At this time, 
5 since the rotation axis 15a is substantially parallel 
to the gravitation direction, the relative direction 
and magnitude of the resultant force F 3 with respect 
to the multipotent stem cells are kept approximately 
constant. This is desired to promote the 

10 differentiation. Also, the cell cultivation surface 
of the cultivating container 12 is preferably placed 
vertically to the resultant force F 3 . 

When the multipotent stem cells are 
cultivated in the state that the relative direction is 

15 constant and the force greater than the gravitation is 
applied, the differentiation of the multipotent stem 
cells are promoted. The multipotent stem cells are 
differentiated up to a desirable state and grown to 
the differentiation induction cells. The 

20 differentiation induction cells are used in living 
body cell transplantation. 

In the first embodiment, the multipotent stem 
cells are cultivated while being rotated around the 
two-axis rotation. As a result, while the 

25 differentiation of the multipotent stem cells are 
suppressed, the multipotent stem cells can be 
cultivated. Moreover, after the multipotent stem 
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cells are sufficiently cultivated, the mul tipotent 
stem cells are cultivated in the state that the force 
greater than the gravitation is applied in the 
constant direction. Thus, the differentiation of the 
5 mul tipotent stem cells is promoted. In this way, in 
the first embodiment, the multiplication and 
differentiation of the multipotent stem cells can be 
properly controlled. 

It should be noted that in this embodiment, 

10 when the multipotent stem cells are cultivated while 
the differentiation is suppressed, the two-axis 
rotation is carried out on the multipotent stem cells. 
However, the multipotent stem cells may be cultivated 
while being rotated around the multiple axes more than 

15 the two axes. Even if the multipotent stem cells are 
cultivated under the multiple-axis rotation, the 
gravitation applied to the multipotent stem cells is 
three-dimensionally dispersed, like the two-axis 
rotation. The multipotent stem cells are multiplied 

20 in the state that the differentiation is suppressed. 

A method of cultivating the multipotent stem 
cells according to the second embodiment of the 
present invention will be described below. The method 
of cultivating the multipotent stem cells according to 

25 the second embodiment uses a cultivating apparatus 21 
shown in Fig. 3, instead of the gravitation dispersing 
type cultivating apparatus 1 of Fig. 1 and the 
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excessively weighted centrifugal cultivating apparatus 
11 of Fig. 2. 

The cultivating apparatus 21 includes a 
cultivating container 22, a main body 23, a stem 24, 
5 motor 25, an outer frame 26, a motor 27 and an inner 
frame 28. The multipotent stem cells and the medium 
are sealed in the cultivating container 22. The motor 
25 is provided for the main body 23. From the main 
body 23, the support pillar 24 extends upwardly and 

10 then extends horizontally. Thus, the motor 27 and the 
support pillar 24 rotatably support the outer frame 
26. The motor 25 rotates the outer frame 26 around a 
rotation axis 25a. The rotation axis 25a is parallel 
to the gravitation direction. The outer frame 26 

15 rotatably supports the inner frame 28, and the motor 

27 is provided for the outer frame 26. The motor 27 
rotates the inner frame 28 around a rotation axis 27a. 
The rotation axis 27a is substantially orthogonal to 
the rotation axis 25a. The cultivating container 22 

20 is fixedly provided in the inner frame 2 8 in the 

vicinity of the crossing point of the rotation axis 
27a and the rotation axis 25a. Also, the inner frame 

28 can be stopped and fixed at any rotation position. 
The cultivating container 22 can be also fixedly 

25 provided on the inner side of the inner frame 28. The 
cultivating apparatus 21 with such a structure has 
both functions of the gravitation dispersing type 
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cultivating apparatus 1 and the excessively weighted 
centrifugal cultivating apparatus 11- 

In the second embodiment, the multipotent 
stem cells are cultivated as follows. At first, like 
5 the first embodiment, the multipotent stem cells are 
extracted from the living body. The extracted 
multipotent stem cells are sealed into the cultivating 
container 22 together with the medium. The 
cultivating container 22 is fixedly set in the 

10 vicinity of the crossing point of the rotation axis 
27a and the rotation axis 25a, similarly to Fig. 1. 

Next, while the two-axis rotation is carried 
out on the cultivating container 22, the multipotent 
stem cells are cultivated. That is, in the state that 

15 the motor 25 rotates the outer frame 26 and that the 
motor 27 rotates the inner frame 28, the multipotent 
stem cells are cultivated inside the cultivating 
container 22. When the motor 25 rotates the outer 
frame 26 and the motor 27 rotates the inner frame 28, 

20 the two-axis rotation is carried out on the 

cultivating container 22. When the two-axis rotation 
is carried out on the cultivating container 22, the 
gravitation applied to the multipotent stem cells are 
dispersed three-dimens ional ly , and the multipotent 

25 stem cells are multiplied in the state that the 
differentiation is suppressed. 

After the sufficient multiplication of the 
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mult ipotent stem cells, the medium sealed in the 
cultivating container 22 is replaced with the medium 
containing various differentiation factors that induce 
desirable differentiation. Subsequently, as shown in 
5 Fig. 3, the inner frame 28 is fixed to a predetermined 
position, and the cultivating container 22 is also 
fixedly attached inside the inner frame 28. 

Next, the multipotent stem cells are 
cultivated in the state that the force greater than 

10 the gravitation is oriented towards a constant 

direction with respect to the multipotent stem cells 
and is applied to the multipotent stem cells. In 
detail, as shown in Fig. 4, the cultivation of the 
multipotent stem cells are carried out in the state 

15 that the outer frame 26 is rotated around the rotation 
axis 25a and that the inner frame 28 is fixed to have 
a constant angle with respect to the outer frame 26. 
At this time, the motor 27 does not rotate the inner 
frame 28. Thus, the one-axis rotation is carried out 

20 on the cultivating container 22, and the gravitation 

F 2 together with the centrifugal force F 1 is applied to 
the cultivating container 22. The resultant force F 3 
of the centrifugal force F x and the gravitation F 2 is 
applied to the multipotent stem cells sealed in the 

25 cultivating container 22. The resultant force F 3 is 
oriented towards the constant direction with respect 
to the multipotent stem cells and is greater than the 



gravitation . 

As mentioned above, when the multipotent stem 
cells are cultivated in the state that the force 
greater than the gravitation is applied to the 
5 constant direction, the differentiation of the 

multipotent stem cells are promoted. The multipotent 
stem cells are differentiated up to a desirable state 
and grown to the differentiation induction cells. The 
differentiation induction cells are used in the living 

10 body cell transplantation. 

Also, in the second embodiment, similarly to 
the first embodiment, the multiplication and 
differentiation of the multipotent stem cells are 
properly controlled. Moreover, the second embodiment 

15 is preferable in the point that the units necessary 
for the cultivation are reduced compared with the 
first embodiment. 

A method of cultivating the multipotent stem 
cells according to the third embodiment of the present 

20 invention will be described below. The cultivating 

method of the multipotent stem cells according to the 
third embodiment uses the cultivating apparatus 21 
shown in Fig . 3 . 

In the third embodiment, the multipotent stem 

25 cells are cultivated as follows. At first, like the 
first embodiment, the multipotent stem cells are 
extracted from the living body. The extracted 
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mul t ipo t ent stem cells together with the medium are 
sealed into the cultivating container 22. The 
cultivating container 22 is fixedly attached to the 
inner side of the inner frame 28, as shown in Fig. 3. 
5 Next, while the two-axis rotation is carried 

out on the cultivating container 22, the multipotent 
stem cells are cultivated. That is, the multipotent 
stem cells are cultivated in the cultivating container 
22 in the state that the motor 25 rotates the outer 

10 frame 26 and that the motor 27 rotates the inner frame 
28. When the motor 25 rotates the outer frame 26 and 
the motor 27 rotates the inner frame 28, the two-axis 
rotation is carried out on the cultivating container 
22. When the two-axis rotation is carried out on the 

15 cultivating container 22, the gravitation applied to 
the multipotent stem cells are dispersed three- 
dimensionally , and the multipotent stem cells are 
multiplied in the state that the differentiation is 
suppressed, like the second embodiment. 

20 After the sufficient multiplication of the 

multipotent stem cells, the rotations of the inner 
frame 28 and outer frame 26 are stopped, and the 
medium sealed in the cultivating container 22 is 
replaced with the medium containing various 

25 differentiation factors that induce the desirable 

differentiation. Subsequently, as shown in Fig. 4, in 
the state that the outer frame 26 is rotated around 
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the rotation axis 25a and that the inner frame 28 is 
fixed to have a constant angle with respect to the 
outer frame 26, the cultivation of the multipotent 
stem cells is carried out. Consequently, the 
5 multipotent stem cells are cultivated in the state 
that the force greater than the gravitation is 
oriented towards the constant direction with respect 
to the multipotent stem cells and is applied to the 
multipotent stem cells. 

10 In detail, at this time, the motor 27 does 

not rotate the inner frame 28. Consequently, the one- 
axis rotation is carried out on the cultivating 
container 22, and the gravitation F 2 together with the 
centrifugal force F x is applied to the cultivating 

15 container 22. The resultant force F 3 of the 

centrifugal force F x and the gravitation F 2 is applied 
to the multipotent stem cells sealed in the 
cultivating container 22. The resultant force F 3 is 
oriented towards the constant direction with respect 

20 to the multipotent stem cells and is greater than the 
gr avi ta t ion . 

According to the present invention, the 
method and apparatus of cultivating the multipotent 
stem cells are provided to make it possible to 

25 properly control the multiplication and 

differentiation of the multipotent stem cells. 
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